Poisoning of domestic animals happens frequently in the southeast of Buenos Aires Province (Argentina). Intoxications are produced mainly by the ingestion of plants and mycotoxins, but animals are rarely affected simultaneously by both types of agents. One herd of pigs suffered simultaneous intoxications by ergot alkaloids from Claviceps purpurea sclerotia and furocoumarins from Ammi majus seeds. Pigs were fed a diet composed of wheat (poor quality) or corn and protein and vitamin supplements. This diet was completed with forage sorghum. Nervous signs were first observed 5-7 days after the initiation of feeding the suspect ration. These signs were followed by cutaneous irritation. Snout ulcers, eyelid edema, and conjunctivitis were observed in several piglets. Ten days after the start of feeding the incriminated ration, 8 abortions were observed. Many of the sows that were nursing piglets developed udder edema and teat cracking. Dermal lesions were observed in most of the animals with unpigmented areas in the skin but not in a Duroc-Jersey boar. Removal of the incriminated diet and feeding of another diet prepared with good-quality wheat allowed all the animals to recover in 15 days. The herd experienced normal pregnancies and parturitions, litter sizes, and piglet weights when fed a cleaned portion of the poor-quality wheat. No photosensitization lesions were observed. Examination of impurities in the suspected wheat indicated the presence of 2.2% of A. majus seeds and 0.14% of C. purpurea sclerotia. The quantitative analysis indicated the presence of 3.2 g xanthotoxin and 0.65 g bergaptene/100 g A. majus seeds and 0.73 g ergot alkaloids (expressed as ergonovine) per 100 g of C. purpurea sclerotia. Qualitative analysis demonstrated the presence of ergotamine, ergocristine, and ergonovine. These results indicate that clinical signs and lesions were caused by the ingestion of large quantities of these biologically active compounds.
The poisoning of domestic animals of zootecnic interest is common in the southern areas of Buenos Aires Province, Argentina. The most common poisons are mycotoxins 16, 19, 22 and plant substances. 15, 23 Ergot poisoning of domestic animals by ingesting feeds containing Claviceps purpurea sclerotia is well known. 12, 32 There are also reports of toxicosis by photosensitizing furocoumarins contained in Ammi majus seeds. 13, 21, 30 Rarely is sufficient clinical, pathologic, and chemical evidence obtained to confirm a diagnosis of natural simultaneous poisoning with those two toxic substances of different origin. In this report, we describe the occurrence of combined ergotism and furocoumarin photosensitization in swine raised in semiintensive conditions.
Materials and methods

Case report
Poisoning occurred on a farm engaged in semiintensive swine production, located in the Ayacucho County, Buenos Aires Province, Argentina. The herd was composed of 40 hybrid sows (all white haired) and 3 boars (1 Duroc-Jersey [DJ], 2 Yorkshire [Y]), with an average age of 2.5 yr.
Clinical signs were observed a few days after the swine ingested a ration produced on the farm. The ration was composed of corn or wheat (wheat during the outbreak) plus a pelletized mixture of sorghum, sunflower, ground seashells, sodium chloride, vitamin premix, and dried meat meal. Each lactating sow received 4 kg/day of the blended ration, and each of the other swine received 2 kg/day. The food of all the animals was complemented by free grazing of lush sorghum. The incriminated feed contained wheat of poor quality that was purchased because of its low price.
The sows received an antihelmintic once each year and were vaccinated against hog cholera, parvovirus, and leptospirosis twice each year.
During mid-February 1995, 5-7 days after ingestion of the suspect ration, almost all of the swine showed nervous signs, including incoordination, tremors, and excitability with paralysis. During the next days, skin irritation was observed in the thighs, ears, backs, snouts, eyelids, and tails. These same symptoms and preputial inflammation were observed in one of the Y boars. Several sows and female piglets showed swollen, reddened vulvas and ulceration of the snouts. Male piglets also showed snout ulcers, which they licked frequently.
After consuming the feed for 10 days, 8 sows of a total of 28 pregnant sows aborted. Twenty sows, which were bred 15 days before consuming the incriminated ration, repeated heat. Twelve other sows were nursing their litters, and 6 of them developed edematous udders and cracked teats. The affected sows would not allow the piglets to nurse normally, apparently because the teat lesions were painful; therefore, the piglets had to be separated from their mothers and fed artificial milk. Both male and female piglets showed intense edema of the eyelids and reddening of the conjunctiva. The rectal temperatures of all swine were normal. No deaths occurred, but most swine lost much of their body condition. The DJ boar did not show photosensitization signs. Because of the severity of the clinical problem, the owner quit feeding the ration and replaced it with one utilizing good-quality corn. Within 15 days, all swine had recovered.
Feed analysis
A sample of the wheat used to prepare the incriminated ration was examined to determine the presence of contaminants. Based on these analyses, the percentage by weight of A. majus seeds and of sclerotia of C. purpurea contamination was calculated.
Ergot alkaloids and furocoumarins. Hand-separated sclerotia of C. purpurea and seeds of A. majus were analyzed qualitatively and quantitatively to determine the concentration of ergot alkaloids and furocoumarins, respectively. The C. purpurea ergot was analyzed for ergot alkaloids by thinlayer chromatography (TLC) (Ehrich's reagent for detection) and spectrophotometry 29 , and the A. majus seeds were analyzed for furocoumarins by TLC using fluorescence under UV light. 14 Mycotoxins. An aliquot of the wheat sample was analyzed by TLC for aflatoxins (AFs), zearalenone (Z), ochratoxin A (OA), and T-2 toxin. 31 
Biologic test
To determine if the toxin activity was associated directly with the poor quality wheat, the remaining whole wheat was screened to separate the impurities from the grain. The sows were fed the cleaned wheat as part of the ration throughout the breeding season and during the gestation period. All the remaining pigs in the herd were also fed with the same cleaned wheat. Except for the removal of ergot sclerotia and A. majus seeds, the administered feed in this test had the same composition as the suspect feed.
Results
Analysis of the impurities obtained from the wheat screening demonstrated a level of 2.2% A. majus seeds and 0.14% C. purpurea sclerotia. Other contaminants were Silene gallica, Amaranthus spp., Chenopodium album, Digitaria sanguinalis, Panicum bergii, Paspalum dilatatum, Setaria spp., Hypochoeris spp., Bras-sica spp., Raphanus sativus, and Polygonum convolvulus.
The quantitative analyses of ergot alkaloids calculated as ergonovine (EGN), indicated 0.73 g EGN/100 g sclerotia or 10 mg EGN/kg grain. The qualitative analysis showed 5 Ehrlich-positive spots, 3 of which were identified as ergotamine (EGT), ergocristine (EGS) and EGN by comparison with the corresponding standards. The proportion of identified and unidentified alkaloids was EGS > EGT > unidentified > EGN.
The quantitative analyses of furocoumarins indicated the presence of 0.65 g bergaptene (Bt)/100 g A. majus seeds and 3.23 g xanthotoxin (Xt)/100 g A. majus seeds. These values correspond to 143 mg Bt/kg of grain and 711 mg Xt/kg of grain and represent about 85% of the total furocoumarins. The wheat did not contain AFs, Z, OA, or T-2 toxin.
The feed trial using the cleaned wheat did not produce adverse effects in the exposed animals. The sows had normal pregnancies and parturition and the litters were normal both in number and in weight. Milk production was normal. There were no clinical signs or lesions.
Discussion
Ergotamine is an alkaloid with greater biological activity than the other components of ergot. Its activities as a vasoconstrictor and an oxytocic have been utilized for many years in human medicine. 32 Ergonovine is another component of C. purpurea ergot with high oxytocic activity, and in this aspect it is more potent than EGT. 27 Under experimental conditions, oral dosing of as little as 1 mg EGT/sheep/day caused death after 10 days. 11 Oral administration of 0.5% ergot/day in pregnant sows resulted in the birth of weak and small piglets, which died as neonates. 20 Also, administration of a diet containing 0.1% ergot to a sow resulted in the birth of 10 piglets that died after 4 days. 20 The most abundant ergot alkaloid in that experiment was EGS (71%), although the total percentage of alkaloids in the ergot was not reported. Oral administration of EGT tartrate to mice, rats, and rabbits produced smaller fetuses and prenatal mortality in rats. 10 Laboratory findings for the swine on this farm indicate that these swine were exposed to levels of ergot and of ergot alkaloids similar to those previously reported by other investigators to cause embrionary retardation and resorption and perinatal mortality in other animal species. 10, 20 Information concerning abortions produced by ergot ingestion or administration seems to indicate a speciesdependent susceptibility to ergot toxicity. Natural and experimental ergotism-related abortions have been observed in cows and sheep, 2,11 but ergot poisoning has not been associated with abortions in sows. 4, 20 Despite a lack of prior reports incriminating ergot alkaloids as abortifacient agents in swine, the evidence obtained in this investigation strongly implicates ergotism as the cause of the abortions. Gangrenous ergotism has been produced in piglets nursing affected sows, 1 which implies passage of ergot alkaloids through milk; however, agalactia has been considered a primary sign of ergotism. 1, 5, 20, 33 Agalactia was produced in sows with a single dose of ergokryptine given 24 hours before parturition, resulting in the inhibition of blood prolactin. 33 Some researchers found no ergot alkaloids in milk of cows fed C. purpurea ergot, 7 whereas others found that ergotism reduced teat size in sows. 20 The observed effects on the central nervous system in these swine are similar to those described for nervous ergotism in carnivores, horses, sheep, and cattle 5, 25 These symptoms are thought to be produced by the vasoconstrictor effects of EGT and with minor intensity by EGS, with the production of brain ischemia. 27 The simultaneous occurrence of neurologic disturbances, gangrene, and oxytocic activity are characteristic biologic actions of ergot alkaloids.
The effects of C. purpurea ergot are related to its total alkaloid content and the amount of each one present. The amount of ergot alkaloids varies from 0% to 0.9%, depending on the location and the host plant. 6 The amount of each alkaloid present also depends on those parameters. There are reports of ryegrass ergot containing only EGT, 17 whereas 71% EGS was found in rye ergot. 8 Between these values, different proportions of several alkaloids can be found in ergot samples, and their effects will depend in the resulting proportion of each alkaloid.
In these swine, the necrotic lesions in the ears and tail probably were caused by the vasoconstrictive effects of EGT and EGS, and EGN, a potent oxytocic agent, and the minor but additive action of EGT and EGS caused the abortions. The same alkaloids may have caused the temporary infertility of the sows, indicated by repeating estrous cycles. These findings support observations that ergot-containing diets decrease the postimplantation embrionic survival in mice. 6 Cows affected by gangrenous ergotism did not become pregnant after 7 or 8 attempts at artificial insemination. 34 The lack of udder development frequently observed in ergotized sows 5 and mares 28 was not seen in the affected sows in the present case. The high levels of EGN and sudden development of clinical signs probably impeded the full toxic effects on the udders. Also, prompt replacement of the contaminated feed could have weakened this effect, and the edema from photosensitization made determination of actual udder size difficult.
Intravenous ingestion of EGT in rats during mid-pregnancy produces a strong inhibition in the placental blood flow and is lethal to embryos. 9 During the same stage of pregnancy, rats, mice, and rabbits given oral EGT showed prenatal mortality and fetal retardation. 10 EGT causes strong vasoconstrictive action, which in this situation may have decreased the placental blood flow, thus explaining the small fetal sizes. Wild grass species may favor the cross contamination of C. purpurea to cultivated grasses, thereby transferring the infection. 18, 25 Digitaria sanguinalis, P. bergii, and Setaria spp., which are very common natural grasses in large areas of the country and grew with the wheat involved in this case, may have caused or contributed to the high infection level with C. purpurea.
Photosensitization in cattle and sheep caused by consumption of A. majus seeds has been described in Argentina. 15, 21, 23 The udder edema and cracking of teats in the sows and the edema of thighs, backs, snouts, and eyes of the pigs of all sizes were caused by photosensitization. Lesions in the vulva seen in primary or secondary type photosensitization have been described. 3, 13, 21, 26 The observed vulvovaginitis in these affected pigs was instead a primary photosensitization. The photodynamic action was observed in the Y boars and in the sows and piglets because of their lack of skin pigmentation. The DJ boar, which was red skinned, did not show photosensitization lesions. The preputial inflammation observed in 1 of the Y boars may have been due to photosensitization. The daily long exposure to sunlight (12 hours), enhanced these lesions. The Xt present in A. majus seeds has strong photosensitizing activity. A single dose of 1 mg Xt/kg body weight can produce photosensitization in human beings. 13 Both groups of substances (ergot alkaloids and furocoumarins) contributed to the observed rapid and dramatic loss of body condition, probably by decreasing food ingestion. 21, 24 The lack of adverse effects of the cleaned wheat confirms that the agents causing the observed signs and lesions were the accompanying impurities.
Infectious microorganisms cannot be ruled out in the abortions and reproductive losses because bacteriologic studies were not possible under the field circumstances. Because the same sows showed 100% pregnancy, alive births, and normal litters when they were fed the cleaned wheat free from contaminants, the possibility of a concurrent infection is unlikely. All the evidence tends to confirm that the herd was simultaneously poisoned by ergot alkaloids and furocoumarins.
